Introduction
• The virial theorem is the relation between the kinetic and the potential energies. The theorem, which is derived only form the equilibrium, shows that the tension is required to hold the magnetic energy.
• Using the virial theorem, we extended and generalized Force-Balanced Coil which is a helical type hybrid coil of the toroidal field (TF) coil and the solenoidal coil, and showed the condition to minimize the stress working in the coil (virial-limited condition).
• In this work, we constructed a small device to prove our concept, and obtained stress distribution experimentally. The results are compared with those of numerical calculations with a shell model.
Principle of Force-Balanced Coil
Hoop 
• Positive stress (tension) is required to hold the field.
• We consider the toroidal coil with so large aspect ratio that toroidal effect is negligible.
• The current distribution is adopted which makes toroidal surface correspond to both current and magnetic surfaces.
• When torus is axisymmetric, the direction of principal stresses are φ and θ. • Neglecting the distribution of stress by the toroidal effect, the maximum stress is reduced to 25% compared with that of traditional TF coil. • When A=100, distribution of stress is flat.
Toroidal Effect
• When A=10, stress is distributed.
Distribution of Stress
(low aspect ratio)
• When A<10, distribution of stress is important.
• Assumption of large aspect ratio is not held.
• Optimal distribution is achieved to minimize the stress at θ=π. • Comparing the results of the experiments and the numerical calculations, a qualitative agreement of stress distribution between the calculation and the experiment is obtained in the toroidal direction, while discrepancies of stress in the poloidal direction are not negligible.
